














































































鐘中心までの距離を 150mm 確保することで，従来，30% 程度の試験値の変動が見込まれる透気試












　　In cold regions, concrete structures suffer from frost damage caused by freeze-thaw action 
during severe cold winter. In general, deteriorations by frost damage have been recognized as 
the crack, spalling or degradations which are caused by the expansion of the internal structures 
developed by unfrozen water pressure during freezing. In recent years, however, the termed 
scaling that surface layers of concrete are scaled off by delamination, have been observed in 
concrete structures .This will be attributed to the increased spread of de-icing salts, mainly 
composed of sodium chloride (NaCl), on road surfaces. In Japan, strict limitations on the use of 
studded tires from 1991 resulted in a rapid increase in the use of de-icing salts to prevent road 
surfaces from freezing. Because of this, concrete structures in cold regions are now exposed to a 
more severe chloride environment than ever. As a result, scaling of concrete has existed clearly 
because it is synergistically promoted by the combined freeze-thaw action with the chloride 
ion penetration, which is recognized as a form of frost damage often observed. Japan currently 
has no technical method regulated to evaluate concrete scaling resistance under the chloride 
environment. Thus, the establishment of such test methods is an urgent and important subject 
from the viewpoints of concrete durability, as well as maintenance and management of concrete 
in cold weather regions.
　　In this background, the experimental study was conducted for testing the scaling resistance 
in a chloride environment. In this paper, ASTM C672 and RILEM CDF were examined for 
testing scaling, which are in popular use outside Japan. These tests were compared from the 
ease of use and testing utility, and the application of RILEM CDF was proposed as an available 
test method in Japan. In order to perform these scaling tests rapidly and without requiring 
the use of large controlled chamber, test method utilizing a home freezer was proposed. As a 
technique to evaluate scaling resistance of actual structures, test method for the air permeability 
of concrete was proposed as an index.
　　Section 1 shows the introduction of this paper and describes the background and purpose of 
this research.
　　Section 2 "Proposal of the Scaling Test Method Applicable in Japan" introduces the 
companion experiments using the overseas standards ASTM C672 and RILEM CDF, in order to 
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contribute to the standardization of the scaling resistance test method in Japan. Both tests were 
examined to determine their ability to assess the development of scaling, their ease of use and 
availability of the test conditions. The following results were obtained.
　　1） The amount and the development of scaling over the passage of time differed greatly 
between ASTM C672 and RILEM CDF. Since the different procedures are adopted in supplying 
and penetrating the NaCl water solution, from the top surface of test specimen in ASTM method 
and the bottom surface in RILEM method, this difference may result from the influence of 
concentration gradient of the test solution caused by the condensation during freeze-thaw cycles.
　　2） The coefficient of variation regarding the amount of scaling measured was smaller for the 
RILEM CDF method. This is considered to be greatly attributed to the different heat transfer 
media used in applying the freeze-thaw action. Different from the ASTM C672 method using 
air as transfer media, the RILEM CDF method uses brine liquid. As a result, the RILEM CDF 
method allows for more strict temperature control and suppresses the variation of test values, 
resulting in higher test accuracy.
　　3） For the RILEM CDF method, the test equipment used in the current freeze-thaw test 
JIS A 1148 A, is accordingly applied. The test does not require any other instruments difficult 
to get in hand and is broadly applicable and easy to use.　Accordingly, the adoption of RILEM 
CDF method is proposed as the scaling test method adaptable in Japan.
　　Section 3 "Proposal of a Simplified Test Method for Scaling Resistance" discusses a test 
method developed to conduct freeze-thaw test not requiring large test facilities, instead of works 
simply by moving the specimens between a freezer and a thermostatic chamber. This scaling 
resistance test can be performed easily and at low cost. In this research, four kinds of tests, 
using the standard and simplified ASTM C672 method and the standard and simplified RILEM 
CDF method, were examined. The amount of scaling, chloride ion penetration depth and strain 
change were compared in each test method and the following results were obtained.
　　1） In the simplified ASTM and RILEM methods, the temperature conditions for freeze-
thaw are more severe than in those of the standard methods, because of the drastic temperature 
changes in a freezer. As a result, the amount of scaling tends to increase. However, the 
simplified methods accurately reflect the scaling resistance in different water-cement ratio and 
are, therefore, applicable to relative comparisons of scaling resistance.
　　2） For the simplified ASTM method test, small specimens were used for convenience 
with a freezer. The smaller the test surface area, the less the amount of scaling. However, this 
method accurately reflects the scaling resistance in different water-cement ratio and is therefore 
applicable to relative comparisons.
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　　3） The chloride ion penetration depth observed by the simplified ASTM and RILEM 
methods was not significantly different from that observed by the standard ASTM and RILEM 
methods. This means the reasonability for the adoption of the simplified methods. In addition, 
a correlation was found between the chloride ion penetration depth and the amount of scaling. 
This supports the conclusion that scaling is promoted by the penetration and diffusion of 
chloride ions.
　　4） Strain changes by the simplified ASTM and RILEM methods showed irregular behaviors 
depending on the temperature control capacity of the freezer, but contraction strains were 
observed in freezing. Thus, the simplified methods support the conclusion that scaling can be 
influenced by osmotic pressure. Since the observed contraction strain and its maximum values 
were approximately the same as those observed in the standard ASTM and RILEM methods, 
the use of the simplified methods was judged available and promising.
　　5） By using a freezer and the chamber maintained at 20℃ , scaling resistance can be easily 
evaluated in concrete companies and research institutes and so on with no large test facilities.
　　Section 4 "Development of a Rapid Air Permeability Test Method to Evaluate Scaling 
Resistance of Concrete" introduces a rapid air permeability test method. Since scaling is 
promoted by the penetration and diffusion of water and chloride, it therefore depends on 
the rigidity and permeability of concrete. By considering the air permeability, a rapid air 
permeability test method was developed applicable to actual concrete structures. This air 
permeability test method was examined in different testing conditions and the availability and 
validity were investigated. The following results were obtained:
　　1） The test equipment used to apply the rapid air permeability test, consisted of a vacuum 
chamber, a vacuum pump, a differential pressure gage, a digital multi-meter, and a personal 
computer. The air permeability index value can be calculated with the gradient of the reduction 
of the vacuum pressure versus the square root of its duration in the vacuum chamber, which 
was designated as the "rapid air permeability factor."
　　2） For the rapid air permeability test, the sealing width of 60 mm was secured around the 
chamber and a distance of 150 mm was secured from the specimen edge to the center of the 
vacuum chamber. These test conditions reduced the coefficient of variation to 15% in the air 
permeability test, in contrast to that of 30% always expected. The influence of the thickness can 
be ignored if the specimen thickness is 100 mm or more.
　　3） The rapid air permeability factor accurately reflects the tightness of a concrete surface 
layer structure, depending on the curing conditions. In addition, this factor was found to be in 
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good compatibility with the Torrent air permeability factor and output air permeability factor. 
As a result, the usefulness of the rapid air permeability test method was proven.
　　4） The rapid air permeability factor was also found to be compatible with the amount 
of scaling tested by the ASTM C672 method. Therefore, the application of the rapid air 
permeability test method for actual structures, as a technique for evaluating and diagnosing 
concrete scaling resistance was judged promising. 
　　Section 5 is the conclusion of this paper and describes the results of this research.
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